20 21 Jasmonate (JA) synthesis and signaling are essential for plant defense upregulation upon 22 46 47 48 identification of jasmonoyl-isoleucine (JA-Ile) as the critical bioactive form in 2007 (Chini et 54 al. 2007; Thines et al. 2007), many derivatives of jasmonic acid (JA) were described, resulting 55 from hydroxylation, conjugation to sugars (Miersch et al. 2008) , amino acids or amino 56 cyclopropane carboxylic acid, sulfation (Gidda et al. 2003) , decarboxylation and many more 57 (Wasternack and Song 2017). The enzymes responsible for these modifications have not all 58 been identified and the function of these derivatives, if any, are generally unknown. The master 59 regulator jasmonoyl-(L)-isoleucine (JA-Ile) results from a specific conjugation reaction of 60 jasmonic acid (JA) by the enzyme JASMONATE RESISTANT 1 (JAR1). In the core 61 perception and signaling pathways, JA-Ile acts as a ligand promoting the assembly of the co-62 receptor CORONATINE INSENSITIVE 1 (COI1) with distinct JASMONATE ZIM-DOMAIN 63 PROTEIN (JAZ) that otherwise powerfully repress target transcription factors and responses. 64 After assembly, COI1-JAZ is recruited into the E3 ubiquitin ligase SCF COI1 that tags JAZs for 65 proteolytic degradation, and provides the basis for JA-Ile-responsive gene de-repression (Chini 66 et al. 2007; Thines et al. 2007). Several hundreds to thousands of genes are under this control, 67 and depending on developmental stage, organ, nature of stimulus, and crosstalks with other 68 hormones, a wide array of JAZ-transcription factor combinations provide specificity to the 69 system with only one major hormonal ligand (Chini et al. 2016). Distinct JA-Ile-triggered 70 networks regulate leaf defenses against different types of aggressors and are integrated by 71 separate sets of transcription factors (TF). MYC2, a bHLH type TF, integrates (together with 72 MYC3 and MYC4) simultaneous JA/abscisic acid stimuli and defines a wound/insect-specific 73 branch reflected by induction of markers such as vegetative storage protein (VSP); 74 ERF1/ORA59 TFs integrate concomitant JA/ethylene signals into a microbe-specific branch 75 probed by plant defensin PDF1.2 (Pieterse et al. 2012; Wasternack and Hause 2013). 76 77 JA signaling, like any hormonal pathway, needs to be tightly controlled in time and space, 78 particularly because defense upregulation is costly and linked to overall growth inhibition. This 79 antagonism was long thought to be merely imposed by limited resources that need to be re-80 allocated from developmental to defense sinks (Havko et al. 2016), but recent advances have 81 shown that additional hardwire connections control growth-defense tradeoffs (Campos et al. 82 2014; Guo et al. 2018). For appropriate control of JA responses, plants rely on a number of 83 negative feedback mechanisms. In addition to JAZ repressor proteins, other negative regulators 84 were identified that repress JA responses at the promoter level, including JAV (Yan et al. 2018) 85 and the JAM subclass of bHLH (Sasaki-Sekimoto et al. 2013) proteins. Another way to 86 terminate jasmonate action is at the metabolic level by eliminating the active ligand JA-Ile. The 87
herbivore or microbial attacks. Stress-induced accumulation of jasmonoyl-isoleucine (JA-Ile), 23 the bioactive hormonal form triggering major transcriptional changes, is often dynamic and 24 transient, due to the existence of potent removal mechanisms. Two distinct but interconnected 25 JA-Ile turnover pathways have been described in Arabidopsis, either via cytochrome P450 26 (CYP94)-mediated oxidation, or through deconjugation by the amidohydrolases (AH) IAR3 27 and ILL6. Their impact was not well known because of gene redundancy and compensation 28 mechanisms when each pathway was partially impaired. Here we address the consequences of 29 fully blocking either or both pathways on JA homeostasis and defense signaling in three mutant 30 backgrounds: a double iar3 ill6 (2ah) mutant, a triple cyp94b1 b3 c1 mutant (3cyp), and a newly 31 generated quintuple (5ko) mutant deficient in all known JA-Ile-degrading activities. These lines 32 behaved very differently in response to either mechanical wounding, insect attack or fungal 33 infection, highlighting the stress-specific contributions and impacts of JA-Ile catabolic 34 pathways. Deconjugation and oxidative pathways contributed additively to JA-Ile removal 35 upon wounding, but their genetic impairement had opposite impacts on Spodoptera littoralis 36 larvae feeding: 2ah line was more resistant whereas 3cyp was more susceptible to insect attack. 37
In contrast, 2ah, 5ko but not 3cyp overaccumulated JA-Ile upon inoculation by Botrytis cinerea, 38 
2015)
). The four plant genotypes in the Col-0 ecotype (WT, 2ah, 3cyp, 5ko) were submitted 155 separately to mechanical wounding or to B. cinerea inoculation. Mechanical wounding 156 constitutes a synchronous and severe stimulus, and generates a massive jasmonate pulse where 157 compound-specific dynamics can be followed (Chung et al. 2008; Glauser et al. 2008; Heitz et 158 al. 2016) . Therefore, a kinetic study was conducted with tissue collected at 1, 3 and 6 h post-159 wounding (hpw). Necrotic lesions inflicted by B. cinerea infection develop radially with fungal 160 hyphae continuously infecting new tissue, and 3 days post-inoculation (dpi) constitutes an 161 optimal time point for recording biochemical changes and for assessing antifungal resistance. 162
We quantified levels of JA, 12OH-JA, JA-Ile and its catabolites 12OH-JA-Ile and 12COOH-163 JA-Ile in the two biological responses. JA levels were only marginally affected by the mutations 164 (Supplemental Figure S2 ). Its oxidation product, 12OH-JA, is known to be partially formed via Figure 2A ). In 174 2ah and 3cyp lines, a significant overaccumulation of JA-Ile was recorded at 1 hpw and was 175 prolonged in 3cyp, extending data from mutants of lower order described previously (Heitz et 176 al. 2012; Widemann et al. 2013; Zhang et al. 2016 ). In the 5ko line that has both pathways 177 impaired, a huge JA-Ile accumulation was recorded that culminated between 3-6 hpw close to 178 40-50 nmol g FW -1 . These data show that in wounded leaves, both AH and CYP94 pathways 179 contribute similarly to JA-Ile turnover and that their simultaneous inactivation synergistically 180 boosts hormone hyperaccumulation at later time points. Profiles of CYP94-generated JA-Ile 181 oxidation products were as expected: 12OH-JA-Ile levels were about double in 2ah compared 182 to WT, were suppressed in 3cyp and of note, were higher in 5ko than in 3cyp at 6 hpw ( Figure  183 As the mutations altered the steady-state levels of bioactive JA-Ile, the lines were examined for 206 induced expression of typical JA-regulated genes for each leaf stress model. In the case of 207 wounding, transcripts of MYC2, an early-responsive transcription factor (TF) gene controlling 208 late targets, accumulated similarly at 1 hpw, but declined less than WT in mutants at 3 hpw 209 (3cyp and 5ko) and 6 hpw (2ah and 5ko) ( Figure 3A ). Two VSP genes were examined as late 210 markers of the anti-insect branch of the JA defense pathway (Pieterse et al. 2012 ; Wasternack 211 and Hause 2013). In WT, both VSP1 and VSP2 expression peaked at 3 hpw before declining to 212 low levels at 6 hpw ( Figure 3A ). Expression was globally enhanced in mutant lines compared 213 to WT, but with distinct patterns. VSP1 was strongly enhanced in 2ah at all time points, while 214 in 3cyp and 5ko, gain in transcript levels was only observed at 6 hpw when WT signal faded. 215
For VSP2, only 2ah displayed enhanced expression at all 3 time points. This indicates that 216 impaired JA-Ile catabolism results in persistent defense marker expression, but this is not 217 commensurate with JA-Ile accumulation, because 5ko displays lower defense than 2ah. To 218 determine the physiological impacts of such altered hormone and defense profiles, we used an 219 insect feeding assay as a biological readout of signaling. When larvae of Spodoptera littoralis 220 were placed on leaves of the four genotypes for 8 to 9 days, contrasted results were recorded: anti-insect resistance ( Figure 3B ). This opposed to 3cyp, that sustained higher insect 223 development, confirming impaired resistance reported previously by Poudel et al. (2016) . 224
Finally, similarly to fungal infection, 5ko displayed WT level of resistance to herbivory. These 225 conclusions were drawn from 3 successive trials (Supplemental Figure S3 ) with large insect 226
populations. 227
A similar analysis was conducted for the response to B. cinerea infection. The antimicrobial 228 branch of JA-Ile-dependent defense signaling was probed by monitoring ORA59 TF and 229 PDF1.2 marker expression. Surprisingly, both genes exhibited reduced expression in 2ah and 230 5ko at 3 dpi, in contrast to 3cyp that maintained WT levels ( Figure 4A ). Anti-fungal resistance 231 assay indicated that only 3cyp displayed smaller lesions, in agreement with our previous report 232 hpw), and this correlates with more robust defense and reduced insect herbivory ( Figure 3B ). 260
In response to B. cinerea infection, JAZ1, JAZ8 and JAM1 transcripts were overinduced in 2ah 261 and 5ko (JAM2 only in 5ko) ( Figure 5B ), that overaccumulate JA-Ile, correlating with reduced 262 defense ( Figure 4A ) and WT antifungal resistance ( Figure 4B ). On the contrary, these genes 263
were not overinduced in 3cyp, the only genotype exhibiting significantly increased antifungal 264 resistance ( Figure 4B ). Therefore, the comparative analysis showed that elevated defense and 265 resistance under deficient JA-Ile turnover is induced only if negative effectors are themselves 266 not over-responding to JA-Ile accumulation. 267
To determine if JA-Ile catabolism mutations affected also basal gene expression in leaves 268 before stress, we analyzed transcript levels of the same target genes in untouched leaves in a 269 separate set of plants. Although higher fluctuations were recorded within a given genetic 270 background than for stimulated tissues, two trends emerged: MYC2 and ORA59 TFs transcripts 271 were significantly upregulated in 3cyp and 5ko lines, but levels of their respective targets VSP 272 and PDF1.2 were equal to or lower than WT in these lines (Supplemental Figure S4) . were quickly harvested and flash-frozen in liquid nitrogen before storing at -80°C until analysis. 412
Insect performance assay 413
Four-week-old Arabidopsis plants were challenged with freshly hatched Spodoptera littoralis 414 larvae (eggs obtained from Syngenta, Stein AG, Switzerland). Five larvae were placed on each 415 of 11 pots, each containing 2 plants. Plants were placed in a transparent plastic box and kept in 416 a growth chamber during the experiment (10 h light/14 h dark, 100 µmol m -2 s -1 of light, 20-417 22°C and 65% relative humidity). After 8-9 days of feeding, larvae were weighed on a precision 418 balance (Mettler-Toledo, Greifensee, Switzerland). The experiment was performed 419 successively three times (different sampling dates). The housekeeping genes EXP (At4g26410) and TIP41 (At4g34270) were used as internal 427 references for qPCR on cDNA derived from infected/wounded or non-stimulated leaves. 428
Measurement of fungal biomass was performed as described in (Smirnova et al. 2017) except 429 that ACT2 (At3g18780) and UBQ10 (At4g05320) were used as reference genes. Gene-specific 430 primer sequences used for qPCR are listed in Supplemental Table 1 . (A) Expression profiles of jasmonate--dependent MYC2, VSP1 and VSP2 marker genes in response to wounding in WT (black bars), 2ah (yellow bars), 3cyp (blue bars) and 5ko (green bars) mutants. Relative expression of each target gene at 1, 3 or 6 hours post wounding (hpw) is represented. Gene expression was determined by real--time PCR using gene--specific primers and normalized using EXP and TIP41 reference genes. Transcript quantification was performed on three biological replicates analyzed in duplicate. Histograms represent mean expression ± SEM. Columns labeled with different letters indicate a significant difference between genotypes at each time point as determined by one--way ANOVA with Tukey posthoc test, P < 0.05. (B) Insect feeding assay. S. littoralis larvae were placed on leaves of 4--week--old plants. After 8--9 days, larval weight was determined. Histograms represent mean ± SEM from 3 independent trials (presented in Supplemental Figure S3 ). The number of total larvae on each genotype is indicated within the bars. Different letters indicate significant differences at P < 0.05 (linear mixed model). 
